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1. Introduction
There have been several agreements on RACH procedure for Rel-13 MTC (see Annex 4.1), but there are still some open issues. This contribution gives our considerations on the remaining issues on RACH procedure for Rel-13 MTC. 
2. Discussion
2.1. Msg1— Preamble transmission
The preamble transmission is mainly related to the PRACH resource selection, which includes two aspects.
1) PRACH resource set selection according to CE level

According to the previous agreements, the CE level related selection procedure is given as below:

· 1> eNB would configure different PRACH resource set for different CE level via SIB;

· 1> For the initial Msg1 transmission, UE determines the PRACH resource within the PRACH resource set associated to the UE’s current CE level;

· 1> For the Msg1 retransmission, UE would select the PRACH resource within the PRACH resource set according to the CE level according to the following rules:
· 2> If the preamble attempt number of current CE level <= the maximum attempt number of this level:
· 3> Select the PRACH resource  within the set according to the current CE level;
· 3> Increment the attempt number of this CE level by 1; 

· 2>  Otherwise
· 3> Change the current CE level to (CE level+1);
· 3> Select the PRACH resource within the set according to the updated CE level;
· 3> Increment the attempt number of this CE level by 1;

About the RA failure, in legacy RA procedure, if the preamble transmission number reaches the configured maximum number, RA failure would occur. In eMTC, according to RAN1 and RAN2 agreement, the maximum preamble transmission number is per CE level. Hence, we think it is unnecessary to configure the maximum preamble transmission number per UE. In case of preamble retransmission, when UE uses the PRACH resource of highest CE level for transmission, and the transmission number reaches the maximum number of this level, RA failure is happened. 
Proposal 1: Confirm there is no need to configure maximum preamble transmission per UE. 
Proposal 2: When UE uses the PRACH resource of the configured highest CE level and the transmission number reaches the maximum number of this CE level, RA failure is happened. 

2) PRACH resource selection within the set of one CE level
The PRACH resource selection within one set is based on the preamble repetition transmission mechanism and the related PRACH configuration. 
For PRACH set configuration of one CE level, the most straightforward approach is to reuse the current PRACH configuration as much as possible, i.e. PRACH configuration index, preambleInfo and
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.In addition, the configuration also include the preamble repetition number and the attempt number. 
Proposal 3: For each CE level, the PRACH/RACH configuration should reuse PRACH configuration index and 
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for PRACH resource configuration. 
Proposal 4: For each CE level, the PRACH/RACH configuration should include preamble repetition number and the attempt number. 
In legacy RA, UE can randomly select the RACH resource within the resource pool indicated by PRACH configuration index. But in Rel-13 MTC, since some PRACH resource in the pool would be used for all the preamble transmission, including initial and repetition transmission, the way of random selection is impossible. 
Therefore, PRACH periodicity is proposed to be introduced as shown in Figure 1. PRACH periodicity can be used to determine the starting radio frame of a PRACH repetition, and PRACH configuration index further determines the starting subframe in the radio frame, i.e. the first random access subframe indicated by the PRACH configuration index in the starting radio frame as the starting subframe, and the subsequent random access subframes are used to repeat the PRACH transmission according to the PRACH repetition time. For the random access subframes out off the PRACH repetition period in each PRACH periodicity, such as subframe #1,4,7 in radio frame#2 and #5 in Figure 1, since there is no PRACH transmission corresponding to coverage enhancement level x in these subframe, PRACH  transmission corresponding to other coverage enhancement levels or other UL traffic can be transmitted in such subframes, so as to increase system efficiency.
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Figure 1: PRACH periodicity illustration

Proposal 5: It is proposed to introduce PRACH periodicity for each CE level to determine the starting radio frame of PRACH repetition.
Proposal 6: It is proposed for UE to always select the first valid PRACH resource as starting subframe for preamble transmission within the PRACH periodicity.
2.2. Msg3 and Msg4 transmission
Msg3 and Msg4 transmission are one to one transmission. Hence, the mechanism of dedicated transmission can be reused here. In detail there are some differences:

1) For Msg3 initial transmission, the grant is from RAR, and the actual PUSCH transmission could follow the grant indicated by RAR;
2) For Msg3 retransmission , the repetition pattern of scheduling M-PDCCH is only can be from SIB, which is related to the same CE level as preamble transmission;
3) For Msg4 transmission, same as 2).

Proposal 7: For each CE level, PRACH/RACH configuration should include the scheduling M-PDCCH repetition pattern for Msg3 retransmission and Msg4 transmission.
In addition, there is Contention Resolution mechanism for valid Msg4 transmission/retransmission scheduling time life. Impact by the repetition pattern per CE level, the CB timer should be configured per CE level, based on the repetition pattern.
Proposal 8: For each CE level, PRACH/RACH configuration should include the Contention Resolution timer configuration.

2.3. Msg0   – PDCCH order transmission
In legacy CFRA, network gives the dedicated PRACH resource to eNB via PDCCH order. In Rel-13 eMTC, since the PRACH resource is CE level and eNB cannot be aware the UE CE level accurately (according to the previous discussion), it is possible that the dedicated PRACH resource provided by eNB is not aligned with UE’s current CE level. Although eNB can learn the CE level of connected UE in some degree, in case of CFRA there has been no transmission between UE and network for a long time, and it is possible that there is misunderstanding of the CE level between network and UE.
Observation: It is possible that the dedicated PRACH resource provided by eNB is not aligned with UE’s current CE level. 
In case of the misalignment, there are two options for UE for CFRA PRACH resource selection:
· Option 1: same as legacy CFRA, select the dedicated PRACH resource provided by eNB;
· Option 2: initiate the CBRA based on the current CE level, and ignore the dedicated PRACH resource;
· Option 3: In case of the CE level of dedicated PRACH resource higher than actual CE level, use the dedicated PRACH to perform CFRA; and in case of the CE level of dedicated PRACH resource lower than actual level, initial the CBRA and discard the dedicated PRACH resource. 

For Option 1, it is align with the principle of legacy CFRA, but the RA procedure may be failed if UE is actually in the high CE level. For Option 2, it is align with the principle of PRACH resource selection in Rel-13 MTC, but the dedicated PRACH resource will be wasted. And for Option 3, it can used dedicated PRACH resource as much as possible and avoid the risk of RA failure. 
Proposal 9: Propose RAN2 to discuss the three options when network provides the dedicated PRACH resource which is not aligned with the UE’s current CE level.
3. Conclusion
According to the analysis in section 2, the following observations are obtained:
Proposal 1: Confirm there is no need to configure maximum preamble transmission per UE. 
Proposal 2: When UE uses the PRACH resource of the configured highest CE level and the transmission number reaches the maximum number of this CE level, RA failure is happened. 

Proposal 3: For each CE level, the PRACH/RACH configuration should reuse PRACH configuration index and 
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for PRACH resource configuration. 

Proposal 4: For each CE level, the PRACH/RACH configuration should include preamble repetition number and the attempt number. 
Proposal 5: It is proposed to introduce PRACH periodicity for each CE level to determine the starting radio frame of PRACH repetition.
Proposal 6: It is proposed for UE to always select the first valid PRACH resource as starting subframe for preamble transmission within the PRACH periodicity.
Proposal 7: For each CE level, PRACH/RACH configuration should include the scheduling M-PDCCH repetition pattern for Msg3 retransmission and Msg4 transmission.

Proposal 8: For each CE level, PRACH/RACH configuration should include the Contention Resolution timer configuration.

Proposal 9: Propose RAN2 to discuss the three options when network provides the dedicate PRACH resource which is not aligned with the UE’s current CE level.
4. Annex

4.1. Agreements on Rel-13 MTC
In RAN1#80~81 meeting, the followings were agreed for PRACH design.
	· For coverage enh. of PRACH, for initial random access

· There is one to one mapping between PRACH repetition level and PRACH resource set
· Multiple attempts are allowed for each PRACH repetition level

· There is a configurable number of attempts

· Number of attempts per PRACH repetition level can be different

· Specified maximum numbers of levels is 3 (this does not include “zero coverage extension”) 

· FFS: Power ramping or always max power used within each repetition level
· FFS the number of frequency resources for PRACH in a subframe for eMTC 

· Repetition of all preamble formats is supported in coverage enhancement, except PRACH format 4

· For coverage enh. of PRACH:

· The configuration of the number of attempts can be separate per coverage level

· FFS whether or not to have default configurations and if so, the default configurations 

· The configuration of the number of repetitions can be separate per coverage level

· FFS whether or not to have default configurations and if so, the default configurations  

· When UE receives RAR but fails contention resolution

· The UE uses its current repetition level until it reaches the maximum number of attempts for that level

· UE determines based on RSRP measurement whether or not to start using one of the PRACH resource sets for CE (i.e., PRACH transmission with repetitions)


In RAN1#81 meeting, the followings were agreed for RAR.

	Agreement:
· UE knows repetition level of transmission of RAR from the repetition level of its most recent PRACH

· FFS whether the repetition level is a function of the TBS of the RAR or not

· FFS the detailed mapping from the repetition level of PRACH to that of RAR

· UE knows in which subframe(s) transmission of RAR can begin from its most recent PRACH resource set

· UE knows in which frequency resource(s) transmission of RAR can occur from its most recent PRACH resource set

· Note: if option 1 is adopted, this does not preclude the possibility of specifying a single frequency resource for M-PDCCH

· NOTE: “Transmission of RAR” includes Option 1,2,3 for RAR transmission mechanism (which will be down-selected)

· If option 1 is adopted, the repetition level, subframe(s), frequency resource(s) here refers to that of M-PDCCH

· Options for RAR and Paging for Rel-13 low complexity UEs and UEs operating coverage enhancement:

· Option 1: M-PDCCH-scheduled PDSCH carrying the message(s)

· Option 2: M-PDCCH DCI carrying the message

· Option 3: M-PDCCH-less PDSCH carrying the message

· Agree the following as working assumptions for RAR:

· Support Option 2 for the case of a single MAC RAR in a narrowband
· Support Option 1 for the case of multiple MAC RARs in a narrowband
· FFS: In case of small number of MAC RARs, some part of MAC RARs is included in the DCI, and remaining parts of MAC RARs are included in the PDSCH
· FFS whether eNB indicates support for Option 1 and/or Option 2 in SIB


· If eNB can indicate support for only Option 1 then Option 1 can be used also for a single MAC RAR


In RAN2#90 meeting, the followings were agreed for PRACH design.
	· In SIB the eNB provides a set of PRACH resources (e.g. time, frequency, preamble) each associated with a coverage enhancement level (including LC in normal coverage). 
· UE determines the initial PRACH resource from the set based on UE’s downlink measurement (pending confirmation from RAN4).


In RAN2#91 meeting , the followings were agreed for PRACH design.
	Agreements
1
Rel-13 “normal complexity” UEs in enhanced coverage use the same random access resources as a Rel-13 low complexity UEs in the same enhanced coverage level.

2
In addition to PRACH resource sets and corresponding PRACH repetition factor (PRACH repetition number), system information for Rel-13 LC/CE UEs should include…
1. Selection criterion (measurement threshold, pending RAN1/4 confirmation) for determining the initial PRACH coverage level, and
2. Number of maximum preamble transmission attempts per coverage level.

3
Confirm the following RAN1 agreement: RAR time/frequency resource and repetition factor (either for PDSCH or M-PDCCH) are derived from the used PRACH resources.

4
For Rel-13 UEs in extended coverage, RA response window duration is extended based on the RAR repetition factor.

6
Uplink grant in RAR is used for the initial HARQ transmission of Msg3 for Rel-13 low complexity and coverage enhanced UEs.

7
Support HARQ with repetitions for all unicast transmissions after RAR.

FFS whether the repetition factor is also in the RAR or provided/derived by other means




4.2. RACH procedure in 36.300
10.1.5.1
Contention based random access procedure 

The contention based random access procedure is outlined on Figure 10.1.5.1-1 below:
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Figure 10.1.5.1-1: Contention based Random Access Procedure

10.1.5.2
Non-contention based random access procedure 
The non-contention based random access procedure is outlined on Figure 10.1.5.2-1 below:
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Figure 10.1.5.2-1: Non-contention based Random Access Procedure
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